Purpose {#S0001}
=======

Currently, there are no recommendations for the management of a second local recurrence of prostate adenocarcinoma except for the introduction of palliative androgen deprivation therapy (ADT). Improved diagnostic techniques including functional magnetic resonance imaging (MRI) and positron emission tomography imaging (PET) \[[@CIT0001]\] with choline derived tracers enables to more accurately detect the site of recurrence in case of subsequent biochemical relapse. The development of new therapeutic approaches, including local treatment, allows to consider other strategies. Androgen deprivation therapy can often be poorly tolerated (psychologic, metabolic, cardio-vascular and bone complications), with an unclear impact on specific survival \[[@CIT0002]\]; it could be delayed for a selected group of patients. Two radiotherapy techniques have already been investigated in the context of first salvage treatment for prostate cancer local recurrence: brachytherapy (low- or high-dose-rate) and stereoatactic radiosurgery (SRS) \[[@CIT0003]\].

Case report {#S0002}
===========

Patient presentation {#S20003}
--------------------

We report the case of a 60-year-old man who underwent high-dose-rate brachytherapy (HDRB) as a salvage treatment for second biochemical relapse due to second local recurrence. In November 1997, he presented an intermediate-risk prostate cancer (histological details not available). He underwent an external beam radiation therapy delivering a total dose of 70 Gy in 35 fractions combined with a 6 months ADT.

In 2006, prostate specific antigen (PSA) level increased to 3.87 ng/ml. While computed tomography (CT) scan and bone scan were considered as normal, transperineal ultrasound-guided prostatic biopsies confirmed a Gleason score 9 (4 + 5) local recurrence (all the left lobe and the right median apex). A local treatment by high-intensity focused ultrasound (HIFU) was performed, which led to a PSA decrease to 0.04 ng/ml.

In 2011, due to rising PSA (3.84 ng/ml), extension work-up based on CT-scan, MRI, and bone scan was performed to exclude the possibility of distant metastases. Furthermore, MRI confirmed the involvement of the left seminal vesicle. New biopsies were carried out confirming second local recurrence, Gleason score 10 (5 + 5). A salvage HDRB was proposed as a treatment and patient was informed about the risks of urinary and rectal side effects. An institutional multidisciplinary expert committee confirmed this therapeutic option, and a signed-consent form was obtained.

Treatment modalities {#S20004}
--------------------

Brachytherapy was performed under general anaesthesia after urinary catheterization. Using trans-rectal ultrasound (TRUS) guidance, 10 catheters (Sharp Needles™, Elekta AB, Stockholm, Sweden) were implanted trans-perineally and peri-urethrally through a dedicated template ([Fig. 1](#F0001){ref-type="fig"}). Dosimetric CT-scans were performed daily, before each fraction, followed by re-optimization in regards to the risk of catheter migration. Clinical target volume (CTV) consisted in the whole prostate (prostatic volume 5 cc, due to a previous HIFU treatment) extended to the proximal part of left seminal vesicle. Urethra and rectum were considered as organs at risk (OARs) and were delineated. Brachytherapy delivered a total dose of 35 Gy in 5 fractions (7 Gy/fraction) over 5 consecutive days. The equivalent dose α/β = 3 at 2 Gy (EQD2~αβ3~) was 70 Gy for prostate cancer. Dose constraints for OARs were: Vu115 (percentage of the urethra volume receiving 115% of the prescribed dose) and Vr~90~ (percentage of the rectum volume receiving 90% of the prescribed dose). Both of them were to be less than 1% of the prescribed dose. Patient was hospitalized 6 days, from the day before the implantation to the day after the last fraction. Needles were removed just after the last fraction, under low sedation. It led to a common macroscopic haematuria managed with bladder irrigation until the bleeding stopped (24 hours). After removal of the urinary catheter and normalization of urinary function, patient was discharged.

![Reconstruction from the dosimetric CT-scan of the brachytherapy treatment. Pink: prostate and half of left seminal vesicle. Blue: urethra. Aquamarine: 10 implanted catheters for treatment. Green: canal anal. Brown: rectum](JCB-7-25185-g001){#F0001}

Due to the multiplications and accessibility of new technologies, we decided to compare HDRB to SRS based on the same dosimetric CT scan, since the algorithm for calculating the SRS does not take into account the heterogeneity of volumes.

Results {#S0005}
=======

Clinical outcome {#S20006}
----------------

Immediate tolerance was acceptable with the macroscopic hematuria managed within the 24 hours after the Folley catheter removal. One month after salvage HDBR, we noticed a nocturnal urinary frequency of 6 per night and dysuria grade 2 according to the Common Terminology Criteria for Adverse Event (CTCAE v4.0) with no grade ≥ 2 digestive toxicities. At 24 months, late toxicities were nocturnal urinary frequency from 4 to 5 per night, urinary incontinence grade 2 with no grade ≥ 2 digestive complication. Regarding sexual abilities, we observed an erectile dysfunction grade 3, which was already present before treatment (the impact of salvage HDRB on sexual function has been difficult to evaluate due to a pre-therapeutic grade 3 erectile dysfunction). Efficacy at 24 months was achieved with a PSA nadir at 0.03 ng/ml without any ADT ([Fig. 2](#F0002){ref-type="fig"}).

![Prostate specific antigen (PSA) evolution (ng/ml)](JCB-7-25185-g002){#F0002}

Dosimetric comparison {#S20007}
---------------------

Dosimetric results related to HDRB are detailed in [Table 1](#T0001){ref-type="table"}. The comparison of the two irradiation techniques, on the same CT-scan, was based on: percentage of the CTV receiving 100% of the dose (CTV V~100%~); dose delivered to 90% of the CTV (CTV D~90~); percentage of the urethra volume receiving 115% (V~115%~) of the prescribed dose; dose delivered to 0.1 cc, 1 cc and 2 cc of the urethra; percentage of the rectal volume receiving 90% (V~90%~) of the prescribed dose; dose delivered to 0.1 cc, 1 cc and 2 cc the rectum; median dose delivered to right and left femoral heads and volume of the 0.5 Gy isodose (EQD2~α/β3~ = 1 Gy), intimately linked to the integral dose (\[Total volume receiving 0.5 Gy\] -- \[CTV + OARs\]) ([Table 2](#T0002){ref-type="table"} and [Fig. 3](#F0003){ref-type="fig"}).

![Prostatic dose-distribution analysis on CT-scan axial slices for each treatment type. Prescribed dose: 35 Gy in 5 fractions. **A)** High-dose-rate brachytherapy. **B)** Stereotactic radiosurgery](JCB-7-25185-g003){#F0003}

###### 

High-dose-rate brachytherapy dosimetry

  Parameters             Mean    Minimal   Maximal
  ---------------------- ------- --------- ---------
  V~100%~                90.31   89.60     92.58
  V~150%~                27.85   25.43     34.81
  V~200%~                12.60   11.64     14.78
  D~100~ (Gy)            4.67    4.37      4.90
  D~90~ (Gy)             7.02    6.96      7.20
  V~115%~ urethra (cc)   0.16    0.10      0.33
  V~97%~ rectum (cc)     0.04    0.02      0.05

CTV -- clinical target volume; V~100%~, V~150%~, V~200%~, V~115%~, V~97%~ -- volume of the anatomic volume receiving 100%, 150%, 200%, 115%, 97% of the prescribed dose; D~100~, D~90~ -- the minimum dose to 100%, 90% of the CTV

###### 

Dosimetric comparison of high-dose-rate brachytherapy (HDRB) and stereoatactic radiosurgery (SRS)

  Parameters                                       HDRB    SRS
  ------------------------------------------------ ------- --------
  Total dose (Gy)                                  35      35
  Dose per fraction (Gy)                           7       7
  V~100%~                                          90.31   99.2
  D~90~ (Gy)                                       35.09   37.5
  V~115~ urethra (cc)                              0.16    0
  D~0.1cc~ urethra (Gy)                            40.72   39.3
  D~1cc~ urethra (Gy)                              35.9    37.4
  D~2cc~ urethra (Gy)                              27.1    18.1
  V~90~ rectum (cc)                                0.21    0
  D~0.1cc~ rectum (Gy)                             32.4    29.6
  D~1cc~ rectum (Gy)                               28.1    25.3
  D~2cc~ rectum (Gy)                               25.5    18.5
  Median dose on right femoral head (Gy)           0.15    6
  Median dose on left femoral head (Gy)            0.17    3.7
  Volume receiving 0.5 Gy -- \[CTV + OARs\] (cc)   7200    13 021

CTV -- clinical target volume, OAR -- organs at risk, D~0.1cc~, D~1cc~, D~2cc~ -- minimum dose to the most exposed 0.1 cm^3^, 1 cm^3^, 2 cm^3^

Coverage of the target volume (V~100%~ and D~90~) appears better with SRS (V~100%~: 99.2% vs. 90.3%, and D~90~: 37.5 Gy vs. 35.09 Gy). Regarding the dosimetric parameters related to the OARs (urethra and rectum), the results appeared quite similar except for the rectum with higher dose with HDRB (D~0.1cc~ rectum: 32.4 vs. 29.6 Gy; D~1cc~ rectum: 28.1 vs. 25.3 Gy, and D~2cc~ rectum: 25.5 vs. 18.5 Gy). Median doses delivered to right and left femoral heads were lower with HDRB (median dose: 0.15 vs. 6 Gy, 0.17 vs. 3.7 Gy for right and left femoral heads, respectively). In terms of integral dose compared to the results obtained with SRS, HDRB reduced divided the 0.5 Gy isodose volume by 2 (13 021 vs. 7200 cc).

Discussion and Conclusions {#S0008}
==========================

This case report highlights the possibility to perform a second salvage treatment for local recurrent prostate cancer using HDRB. This approach could be an effective and well-tolerated medical care. The PSA nadir was reached within 24 months. As expected, the main side effect was a urinary toxicity. Fortunately, for this specific patient, no digestive toxicity was observed, however, rectal toxicity remains an important issue and could be reduced by using transperineal injection of hyaluronic acid in the anterior perirectal fat \[[@CIT0004]\].

The benefit of this second salvage local treatment is to delay the beginning of ADT and its side effects (cardiovascular, osteoporosis, sexual, and psychological) \[[@CIT0005]--[@CIT0007]\].

After two salvage treatments, we noticed a rising Gleason score that could be due to either more aggressive selected cancer cells or an overestimation in correlation with the difficulty of histopathological interpretation \[[@CIT0008]\].

The comparison between the two techniques does not allow to conclude on the best method. The percentage of CTV receiving 100% of the prescribed dose is greater than 90% in the two techniques. Protection of OARs is respected with both techniques \[[@CIT0009]\]. However, median dose to the femoral heads is higher with SRS, which has to be considered with the dose already delivered during the initial external beam radiation therapy. The most important difference highlighted related to the volume receiving 0.5 Gy (EQD2~αβ3~ = 1 Gy), which was reduced with HDRB and seems to be correlated to the risk of radiation-induced cancers \[[@CIT0010]\].

Regarding these results and imaging improvement (MRI and PET with choline derived tracers), both HDRB and SRS appear to be an attractive treatment option of localized prostate cancer recurrence. The type of treatment should be made based on the availability and experience of the techniques.

The accuracy of HDRB and SRS, and the ability to precisely define the site of prostate cancer could allow considering focal therapy for intra-prostatic small local recurrence in order to significantly reduce toxicity \[[@CIT0011], [@CIT0012]\].
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